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1LiveGene is developing 
a range of linkages with 
private companies and 
public-sector partners, 
especially those within 
national agricultural 
research systems in the 
developing world to 
accelerate the delivery of 
improved livestock breeds 
to livestock keepers
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2Purpose 
The purpose of ILRI’s new Global Livestock 
Genetics Program (LiveGene) is to:  
• Integrate R&D by ILRI and its partners in the 
areas of gene discovery and utilization, genome 
characterization and diversity conservation 
to deliver improved breeds to small-scale 
livestock farmers, enhancing the roles that 
livestock play in food security and poverty 
alleviation in Africa and Asia
• Working with national breeding programs, 
LiveGene will deliver higher agricultural 
productivity through improved genetics of 
the priority livestock species including dairy 
cattle, poultry, sheep, goats, pigs and old 
world camelids 
Vision 
Over the next decade, the following will be 
achieved through LiveGene working with both 
science and development partners: 
• LiveGene, as a global livestock genetics 
program led by ILRI, is working with partners 
in the private and public sectors to deliver 
improved genetics of priority species to the 
world’s small-scale livestock keepers  
• ILRI is a trusted and valued partner with 
national breeding programs to develop higher 
productivity through improved genetics of the 
priority livestock species important to small-
scale livestock keepers, especially of dairy 
cattle, poultry, sheep, goats and pigs 
Introduction
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3• Seen as a global leader in tropical animal 
genetics and a centre for excellence in animal 
biosciences, ILRI is partnering with advanced 
animal research institutes worldwide, 
including the Roslin Institute at the University 
of Edinburgh, Scotland’s Rural College and the 
Chinese Academy of Agricultural Sciences 
• ILRI is supporting national livestock breeding 
programs by providing regional and tailored 
breeding platforms for priority species, which 
make available open source databases to guide 
breeding programs in specific agro-ecosystems 
and support high-quality capacity building 
programs for livestock breeders
• ILRI, through LiveGene and the Biosciences 
eastern and central Africa (BecA)–ILRI Hub, is 
hosting a livestock genomics platform for the 
genotyping and characterization of livestock 
and related wildlife biodiversity and also hosts 
Ä rst class bio-repositories to conserve and make 
available the diversity of tropical livestock 
species and their associated microbes, pests 
and pathogens as an open sourced scientiÄ c 
resource for research that is globally available
• ILRI is the premier means of access to 
authoritative data on the distribution of 
livestock species and genotypes and the 
knowledge on the likely behaviour of 
genotypes in new environments, including 
those affected by climate change. This new 
knowledge provides the evidence base to guide 
future investors in livestock development, 
amongst governments, private sector and 
international development agencies 
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4Livestock productivity gap
Modern genetics provides new opportunities to 
increase sustainable productivity in livestock. These 
opportunities are underutilized in the developing 
world. In contrast, genetic improvement has been 
the cornerstone of steadily increasing productivity 
gains in livestock systems in industrial countries 
(Figure 1). 
There is a gap between the productivity of 
livestock systems in industrial countries and 
most livestock systems in the developing world. 
This gap is due to a combination of the lack of 
sufficient nutritious feed, inadequate disease 
control, and limited breeding of targeted livestock 
species for higher productivity and adaptation to 
prevailing and future environments. There is little 
selection and few applications of new genomic 
and reproductive technologies to improve breeds 
in developing countries. 
This lack of integrated animal genetic 
improvement and delivery of improved 
genetic stock to livestock keepers contrasts 
with the critical role of genetics in boosting 
the productivity of food crops over several 
decades. Crop improvement combined with 
the conservation of plant genetic resources to 
meet future needs have been the hallmarks of 
Development opportunity 
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5the continuing ‘Green Revolution’ in expanding 
global food production, especially for cereals 
and other staple food crops. It is now the turn 
of livestock.
Analysis by the Bill and Melinda Gates Foundation 
has shown that greatest opportunities to improve 
sustainable productivity in livestock are in genetics 
in Africa and South Asia (Figure 2).
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Changes in milk yields of US Holstein cows 
Mean phenotype (P), breeding value (A) and environmental effects (E = A – P) 
Results relative to 1957 base (mean yield 5859kg)  
(Source: http://aipl.arsusda.gov/eval/summary/trend.cfm) 
 
Source: Bill and Melinda Gates Foundation 2012  
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Health and genetics are the greatest opportunities 
to improve sustainable productivity in target species 
Animal genetics provides 
the largest opportunity 
across all geographies 
There is also 
opportunity in 
animal health, 
particularly in 
SSA  
Figure 1: Productivity increases through genetics improvement 
of dairy cows in the USA 1957–2010 
(source: BMGF, USDA)
Figure 2: Analysis of likely gains from improvements in animal 
health and genetics in Africa and South Asia 
(source: BMGF 2012) 
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6Recent scientific developments make a new 
international approach to livestock genetics 
timely. New genomics approaches are speeding 
up the understanding and ultimately the 
identification of the genetic control of desirable 
traits combined with targeted or genome-wide 
intervention, new reproductive technologies 
and in vitro conservation technologies. They are 
also accelerating the spread of desirable traits. 
These biological approaches have synergies 
with new information and communications 
technologies, such as using mobile phone 
technology and remote sensing data for cost-
effective phenotyping of targeted livestock 
species, further guiding breeding and selection 
programs.   
ILRI has long standing engagement and ongoing 
activities at various points along the genetics pipeline 
(Figure 3). For example, LiveGene will mobilize 
knowledge and expertise available at ILRI on:  
• The geographic distribution of livestock breeds
• Identifying genes for disease tolerance 
• Breeding to improve productivity in 
smallholder dairying
• Characterizing genetic diversity in selected 
species, such as cattle, chickens and goats
• Establishing biorepositories
• Livestock genomics 
• Adaptation and mitigation in the face of 
climate change scenarios
ScientiÄ c opportunity
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7The genetics pipeline 
LiveGene aims to assemble ILRI’s well qualified 
and experienced scientists and their projects into 
a functional group responsible for implementing 
a coherent and visible research program. This 
program adds value to existing 
efforts along the genetics pipeline.
It identifies new opportunities to 
expand the program through a 
more ‘joined up’ approach to the 
targeting, discovery and delivery of 
improved genetics to small-scale 
livestock keepers. The program is 
responsive to the needs of livestock 
keepers, the dynamic changes in 
the livestock sector, including those 
driven by climate change, and 
emerging market demands.
ILRI’s new approach to livestock genetics is 
illustrated in the ‘genetics pipeline’ that links 
targeting, gene discovery, through to delivery of 
improved breeds to livestock keepers (Figure 3).
Figure 3: The genetics pipeline: Three strategic research themes to answer – 
Where, what and how? 
Prioritizing 
geography, 
environment, 
climate and social 
change, traits, 
species, breed 
Adaptive alleles, 
characterization, 
conservation, 
Genome editing  
Digital recording 
platforms. 
Phenotyping and 
farmer feedback 
Integrated data – Bio-repository, phenotyping, farmer feedback, bioinformatics 
Partnerships and networks 
Capacity building 
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8Some of ILRI’s current suites of activities that 
populate the genetics pipeline are illustrated in 
Figure 4. They are being strengthened by adding 
new expertise and technologies and incorporating 
these into new projects that will be designed to 
mobilize the full range of expertise from targeting 
through to delivery to achieve development 
outcomes, based on genetic improvement, as 
illustrated in Figure 5. 
Some examples of how an integrated approach 
to livestock genetic improvement is being used to 
address productivity constraints include:
Dairy cattle Targets for genetic improvement 
include tropical adaptation, heat tolerance, disease 
resistance (e.g. trypanosomiasis), feed conversion, 
all of which lead to more productive, sustainable 
tropical breeds of dairy cows
Pigs African swine fever (ASF)-resistant pig breeds 
are in demand in Africa where ASF is a major 
constraint to smallholder pig production
Poultry Low productivity in village level poultry 
production can be addressed through the 
genetic improvement of indigenous chickens, 
making use of the genetic diversity within 
indigenous chickens
Sheep and goats The breeding targets include 
tropical adaptation, disease resistance and heat 
tolerance, with the aim of developing more 
productive breeds with increased hardiness to 
harsh environments
Strategic research themes 
populating the genetics pipeline 
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9Integrated data – Bio-repos
itory, phenotyping, farmer 
feedback, bioinformatics 
Partnerships and networks 
Poultry Genetics Project 
Dairy Genetics Project 
Capacity building 
Livestock 
Geo-Wiki 
plus 
African Chicken Genetic G
ains  
African Dairy Genetic ai
s  
Functional Genomics of Tr
opical Adaptation and Gen
ome Editing 
High throughput 
genotyping platform 
Advanced phenotyping too
ls 
Livestock Genomics 
Platform 
Joint Center for Tropical Liv
estock 
Genetics and Health 
Figure 5: New clusters of a
ctivities 
that integrate potential new
 projects 
along the genetics pipeline
  
Partnerships and networks 
Capacity building 
African swine 
fever resistance Sheep breeding Livestock species/breed density maps 
Livestock production systems maps 
Link distributions 
to Ag-eco-climate data 
Link distributions
to disease risk distributions 
Livestock geo-wiki 
Trypanosomiasis resistant cow 
Novel phenotyping tools 
Reproductive technology 
Bio-repository & data systems  
Goat genomics 
Dairy in East Africa 
Goat breeding 
Poultry breeding 
Capacity 
building 
Integrated data – Bio-repository, phenotyping, farmer feedback, bioinformatics 
DAGRIS data 
Pig eQTLs China 
GEF-Asia 
Poultry adaptation 
Figure 4: LiveGene strategic research themes, cross-cutting issues and current clusters of activities across themes   
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Linkages   
LiveGene is developing linkages with private 
companies and public sector partners, especially 
those within national agricultural research systems 
in the developing world, to accelerate the delivery 
of improved livestock breeds to livestock keepers. 
An important set of linkages IS with the CGIAR 
Research Programs (CRPs), through:  
Targeting The CRPs identify targets for gene 
discovery, genetics and breeding interventions, 
based on which livestock species and in what 
livestock systems are genetic interventions a 
potential solution to a current or likely future 
constraint (e.g. productivity, disease tolerance, 
adaptation to changing climate making livestock 
more/less important. 
Delivery channels for new genetic 
interventions The CRPs are supporting research 
and development programs and partnerships 
where improved genetics could be delivered to 
low-to medium-input livestock keepers, following 
CRP pathways-to-impacts. These CRPs are also 
sources of data on livestock genetic diversity and 
productivity, to inform future strategies. 
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Next steps  
LiveGene is continuously seeking new 
opportunities where well-targeted gene 
discovery, characterization, conservation, 
genetics and breeding can contribute
to improving livestock productivity, leading 
to better food security and improving the 
livelihoods of small-scale livestock keepers. 
For example, a project is being conducted 
on the improvement of productivity of 
small-scale poultry production in Ethiopia, 
Nigeria and Tanzania, and a strategic 
partnership has been formed between ILRI 
and the University of Edinburgh’s Roslin 
Institute and Scotland’s Rural College on 
tropical livestock genetics and health to 
conduct joint research and education 
activities in Africa and the UK. ILRI is also 
strengthening its senior scientific staff 
in the areas of quantitative genetics and 
informatics so that LiveGene has a critical 
mass of scientific leadership to address 
these new opportunities in livestock 
genetics to benefit the world’s small-scale 
livestock keepers.   
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LiveGene outcomes
•  A choice of improved genetics for small/
medium scale production systems 
characterized and made available
•  NARS equipped to continually and 
sustainably improve and deliver their 
genetic resources
 •  An independent poultry testing and 
evaluation center for sub-Saharan Africa
•  A Livestock Genomics Platform for 
identifying and exploiting allelic variations 
associated with tropical adaptation which 
is integrated with breeding programs
•  A reproductive technology platform 
developing and applying a range of 
technologies to improve delivery of 
appropriate genetics 
• IP ownership and policy models that 
facilitate access to improved genetics for 
African smallholders
•  An open data and sample exchange 
system acting as a hub for expertise on 
tropical livestock functional diversity,  
from targeting to genome sequence to 
phenotype to farmer feedback 
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Further information
Professor Steve Kemp (s.kemp@cgiar.org)
LiveGene Director
International Livestock Research Institute (ILRI)
PO Box 30709, 00100 Nairobi Kenya 
Tel +254 20 422 3000
ilri.org
Dr Appolinaire Djikeng (a.djikeng@cgiar.org)
BecA–ILRI Hub Director
International Livestock Research Institute (ILRI)
PO Box 30709, 00100 Nairobi Kenya 
Tel +254 20 422 3000
hub.africabiosciences.org
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